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PURPOSE. Zirconia has been used in clinical dentistry for approximately a decade, and there have been several reports regarding the 
clinical performance and survival rates of zirconia-based restorations. The aim of this article was to review the literatures published from 2000 
to 2010 regarding the clinical performance and the causes of failure of zirconia fixed partial dentures (FPDs). MATERIALS AND 
METHODS. An electronic search of English peer-reviewed dental literatures was performed through PubMed to obtain all the clinical studies 
focused on the performance of the zirconia FPDs. The electronic search was supplemented by manual searching through the references of 
the selected articles for possible inclusion of some articles. Randomized controlled clinical trials, longitudinal prospective and retrospective cohort 
studies were the focuses of this review. Articles that did not focus on the restoration of teeth using zirconia-based restorations were 
excluded from this review. RESULTS. There have been three studies for the study of zirconia single crowns. The clinical outcome was 
satisfactory (acceptable) according to the CDA evaluation. There have been 14 studies for the study of zirconia FPDs. The survival rates of 
zirconia anterior and posterior FPDs ranged between 73.9% - 1 00% after 2 - 5 years. The causes of failure were veneer fracture, ceramic core 
fracture, abutment tooth fracture, secondary caries, and restoration dislodgment. CONCLUSION. The overall performance of zirconia 
FPDs was satisfactory according to either USPHS criteria or CDA evaluations. Fracture resistance of core and veneering ceramics, bonding 
between core and veneering materials, and marginal discrepancy of zirconia-based restorations were discussed as the causes of failure. Because 
of its repeated occurrence in many studies, future researches are essentially required to clarify this problem and to reduce the fracture incident. 
[J Adv Prosthodont 2012;4:76-83] 
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INTRODUCTION 

All-ceramic fixed partial dentures (FPDs) have been routinely 
used in clinical dentistry because various all-ceramic materials 
have been introduced and available for a clinical use. Favorable 
clinical performance for all-ceramic systems, has been report- 
ed especially when they are used in the anterior region. 1 
However, fractures of posterior all-ceramic FPDs occurred and 
have been reported as a main cause of failure for these 
restorations. 2 To overcome this problem, ceramics with different 
compositions and reinforcing crystalline phases have been devel- 
oped, such as a glass-infiltrated zirconia-toughened alumina, 
a lithium-disilicate-based glass-ceramic, and zirconia-based 
materials. Most of the zirconia-based ceramic systems that are 
currently used in dentistry are yttrium-stabilized zirconia 
polycrystals (3Y-TZP). 3 This zirconia contains 3 mol% of yttria 
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(Y2O3) as a stabilizer. The major advantage of this material is 
their high fracture resistance which represents by their supe- 
rior flexural strength (900-1000 MPa) and fracture toughness 
(5.5 - 7.4 MPa • m" 2 ) compared with other all-ceramic core mate- 
rials. 4 The processing procedures of 3Y-TZP usually use a CAD- 
CAM technology for machining a presintered zirconia blank 
to a desired size and shape of a prosthesis and subsequent fir- 
ing at 1350 - 1550°C is carried out to produce a densely sin- 
tered product. Compensation for 20 - 30% firing shrinkage is 
made during a CAD procedure. Magnesium-stabilized zirconia 
(Mg-PSZ) has also been used with a limited success due to the 
presence of porosity, associated with a large grain size (30 - 
60 ijm) that can induce wear. 3 The microstructure of Mg-PSZ 
consists of tetragonal precipitates within a cubic stabilized zir- 
conia matrix which can result in lower mechanical properties 
and a less stable material. Denzir-M E (Dentronic AB) is an exam- 
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pie of Mg-PSZ ceramic currently available for hard machin- 
ing of dental restorations. 

An introduction of zirconia-based core ceramics provides more 
predictable treatment options for the posterior teeth where the 
high chewing loads are applied. The CAD/CAM technology 
also allows the possibility of using either partially or fully sin- 
tered zirconium dioxide blanks to fabricate frameworks and 
copings. Not only the fabricating technology that makes zir- 
conia-based ceramics a material of choice for fabrication of FPDs, 
the high fracture resistance of zirconia-based materials that could 
withstand high occlusal loads has been the major advantage of 
these materials. Because zirconia has been used in clinical den- 
tistry for approximately a decade, there have been several reports 
regarding the clinical performance and survival rates of zirconia- 
based restorations. The aim of this article was to review the lit- 
eratures published from 2000 to 2010 regarding the clinical per- 
formance of zirconia FPDs and the causes of failure were dis- 
cussed. 

MATERIALS AND METHODS 

An electronic search of English peer-reviewed dental liter- 
atures was performed through PubMed to obtain all the clin- 
ical studies on the performance of the zirconia FPDs. The key- 
words or phrases for the search were zirconia, restoration, fixed 
partial dentures, crowns, zirconium dioxide, failure, clini- 
cal performance. The PubMed searches were conducted 
focusing on research articles published from 2000 to 2010. The 
electronic search was supplemented by manual searching 
through the references of the selected articles for possible inclu- 
sion of some articles. Randomized controlled clinical trials, lon- 
gitudinal prospective and retrospective cohort studies were the 
focuses of this review. The abstracts of searched articles 
were initially reviewed for possible inclusion by three review- 
ers. Then the full text articles were obtained for assessment. 
Articles that did not focus on the restoration of teeth using zir- 
conia-based restorations were excluded from this review. 



RESULTS 

Clinical performance of single crowns 

There have been three studies for the study of zirconia sin- 
gle crowns (Table 1). In the 3-year retrospective clinical 
study of 168 zirconia single crowns by Ortorp et al. 5 , the 
clinical outcome was satisfactory (acceptable) according to the 
CDA evaluation. Most crowns (78%) were placed in the 
premolar or molar area. There was no secondary caries and no 
ceramic core fracture. Extraction of the five abutment teeth 
occurred because of one root fracture and four endodontic and 
periodontal complications. Four veneer fractures were observed 
and two crowns were remade from this problem. Loss of 
retention was reported for 12 crowns and four new crowns were 
remade. The persistent pain occurred in one patient and a new 
crown was remade for this patient. The cumulative survival rate 
was 92.7% after 3 years. Cehreli et al. 6 studied the clinical per- 
formance of zirconia crowns in the premolar and molar 
regions and reported no clinical sign of marginal discol- 
oration, persistent pain and secondary caries. The clinical 
outcome was acceptable according to the CDA evaluation. 
However, one catastrophic crown fracture was reported in this 
study and immediately replaced with a new zirconia crown. The 
favorable results were obtained for the third studies as no fail- 
ures were recorded from the fifty crowns observed within the 
group of single crown. 7 

Clinical performance of zirconia fixed partial dentures 

There have been 14 studies that included in this review 
(Table 2). 8 21 Zirconia core materials and systems that have been 
used in those clinical studies are shown in Table 3. The survival 
rates of zirconia anterior and posterior FPDs ranged between 
73.9% - 100% after 2-5 years. The causes of failure were veneer 
fracture, ceramic core fracture, abutment tooth fracture, sec- 
ondary caries, and restoration dislodgment. Core fracture 



Table 1. Clinical performance of zirconia crown 



Author(s) 


Mean time 


No. of 
Patients 


No. of 
restorations 


Material 


Cement 


Failure rate (%) 


Survival rate 
Cause of failure ^ 


Ortorp etaU 2009 


3yr 


131 


168 


Nobel Procera™ 


ZnPQ.& 


6(12 restorations) 


Veneer fracture 2 Cr 92.7 












Resin cement 




Loss of retention 4 Cr 
















Extraction 5 Cr 
















Pain 1 Cr 


Cehreli a/. 6 2009 


2yr 


20 


15 


InCeram" Zirconia 


GI 




Fractured tooth structure 1 Cr 








15 


Cercon 5 Zirconia 


GI 




Fractured restoration 1 Cr 


Beuerefa/.'2010 


3 yr 




50 


InLab 


GI 




100 




(35 ± 14 mo) 






(IPS e.maxZirCAD) 
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Table 2. Clinical performance of zirconia fixed partial denture 



Authors) 


Meantime 


No. of 
Patients 


No. of 
restorations 


Material 


Cement ~ , . 

Total 


Failure rate (%) 
Core Fx Veneer Fx Debond 2 


' caries Remark 


Survival 
rate(%) 


Success rate of 
framework (%) 


SuarezeZa/. 1 


3yr 


16 


18 (3, 4 units) 


In-Ceram 


Z11PO4 -10 






0 Root fracture 1 FPD 


94.5 




2004 








Zirconia 


GI-8 












Vult von Steyern 


2yr 


18 


20 (3 - 5 units) 


DC-Zirkon" 


ZnPO. 




15 


RCT 1 abutment 






el al.' 2005 






56 abutments 
















Raigrodskie/u/." 


3yr 


16 


20 (3 units) 


Lava 


RMGI 


0 


0 


Chipping of veneering 5 FPDs 






2006 


(31.2 mo) 














RCT 6 abutments 






Sailer etal." 


3yr 


36 


46 (3 - 5 units) 




Resin cement 15.2 




13 


10.9 Endo Problem 1 FPD 


84.8 


100 


2006 


(36.2 + 5.4 mo) 














Fx of abutment 1 FPD 






















2° caries 3 FPDs 






















Loss of retention 1 FPD 






















chipping of veneering 1 FPD 






Sailer etal. 12 


Syr 


27 


33 (3 - 5 units) 


Cercon 


Resin cement 26.1 




15.2 


21.7 Endo Problem 1 FPD 


73.9 


97.8 


2007 


(53.4 + 13 mo) 














Fxofabutment2FPDs 






















2° caries 6 FPDs 






















Loss of retention 1 FPD 






















Chipping of veneering 1 FPD 






















Fx of framework 1 FPD 






Edelhoff eza/." 


3yr 


17 


21 (3 -6 units) 


DigiZon 


RMGI& 9.5 


0 


9.5 


RCT 1 abutment 






2008 


(39.14 + 5.44 mo) 








Resin cement 






crack 1 FPD 






Molin and 


5yr 


18 


19 (3 units) 


Denzir 


ZnP04 -10 






Loss of retention 1 FPD 


100 




Karlsson"2008 










Resin cement -9 












TinscherUra/." 


3yr 


46 


58 (3 or 


DC-Zirkon" 


ZnPCu -post, teeth 




6 2 


0 RCT 3 abutments (2%) 




100 


2008 






more units) 


Re 


sin cement -ant. teeth 












Beaeietal." 


3yr 


19 


21 (3 units) 


Cercon 


GI 






0 Fx of framework 1 FPD 


90.5 


95.2 


2009 


(40 mo) 














Loss of retention 1 FPD 






















RCT 1 abutment 






Salierera/." 


3yr 


53 


36 (3 - 5 units) 


Cercon 


Resin cement 




Minor chipping 25 


Loss of vitality 1 FPD 


100 




2009 


(40.3 + 2.8 mo) 












Extended fx (C) 5.6 






















Extended fx (D) 2.8 














3 1 (3 - 5 units) Metal-ceramic Resin cement 




Minor chipping 19.4 


2° caries 1 FPD 


100 




















Loss of vitality 1 FPD 






Schmitte/a/." 


3yr 


27 


27 (3, 4 units) 


GI 






11 


Major chipping of veneering 


96.3 


100 


2009 


(34.2 mo) 














1FPD 






















Minor chipping of veneering 






















2 FPDs 






















Loss of vitality 1 FPD 






SchmittereM/.'* 


2yr 


27 


30 (4 -7 units) 


Cercon 


GI 






Fx of framework 1 FPD 


82.8 


96.6 


2009 


(25.1 + 1.3 mo) 






CeramS 








Chipping of veneering 1 FPD 






















Loss of retention 2 FPDs 






















RCT 1 abutment 






Roedigere/a/." 


4yr 


67 


91 (3, 4 units) 


Cercon 


ZnPO. 






Replace 7 case 


94 


98.9 


2010 


(50 mo) 














:Fx of framework 1 FPD 






















:Loss of retention 3 FPDs 






















:Root fracture 1 FPD 






















:Perio. Lesion 1 FPD 






















:Marginal caries lesion 1 FPD 






















No replace 23 cases 






















Chipping of veneering 13 FPDs 






















:Loss of retention 6 FPDs 






















Caries lesion 3 FPDs 






















:Loss of vitality 1 FPD 






Tsumita 


2yr 


20 


21 (3 units) 


Cercon 


Resin cement 


0 


14.3 


0 


100 




2010 


(28.1 + 3.4 mo) 
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Table 3. Zirconia core materials and systems and manufacturer-recommended clinical indications 



Zirconia core material 



System 



Manufacturing techniques Clinical indication 



Yttrium tetragonal zirconia 
polycrystals (ZrCfc stabilized 
byY2Ch) 



Lava (3M ESPE, St. Paul, MN, USA) 
Cercon (Dentsply, Ceramco, York, PA, USA) 
Dc-Zirkon (DCS Dental AG, 

Allschwil Switzerland) 
Denzir (Decim AB, Skelleftea, Sweden) 
Procera (Nobel Biocare AB) 
Digident: Digizon (AmannGirrbach Dental) 



Green-milled, sintered 
Green-milled, sintered 
Milled 

Green-Milled, presintered 
Densely sintered, milled 
Densely sintered, milled 



Crowns, FPDs 
Crowns, FPDs 
Crowns, FPDs 

Onlays, if- crowns, crowns, FPDs 
Crowns, FPDs, implant abutments 
FPDs 



was found in four studies. 121619 ' 20 Veneer fracture was found in 
1 1 studies either reported as minor or major chipping, and the 
veneer fracture rate could be as high as 25%. 812 141721 The 
rate of veneer fracture was varied as some studies did not include 
minor chipping in the failure rate. High secondary caries 
rates were observed in two studies using a zirconia fabricated 
with a CAM system. 1112 Fracture of the abutment teeth and 
endodontic problem were found in 4 811 12 20 and 1 1 studies, 91315 20 
respectively. The overall performance of anterior and poste- 
rior FPDs was satisfactory according to either USPHS crite- 
ria or CDA Evaluations. According to the causes of failures pre- 
viously mentioned, the material-related factors that involved 
in the failure development of zirconia all-ceramic prostheses 
were the fracture resistance of core and veneering ceramics, 
bonding between core and veneering materials, and margin- 
al discrepancy of zirconia-based restorations. 

Core fracture 

Ceramics are brittle materials. Because of their brittleness, 
a catastrophic fracture can occur without or with minimal plas- 
tic deformation when they are subjected to a critical tensile load. 
This behavior has made ceramics a unique group among 
other materials. The fracture resistance of ceramics is normally 
represented by their fracture strength and fracture tough- 
ness. Because fracture strength depends on several factors such 
as testing types and conditions, material's size and shape 22 etc., 
it is difficult to use this parameter for comparing the results 
between different studies or materials. Therefore, fracture 
toughness is more practical because it is an inherent materi- 
al property and should not be changed with the different 
testing conditions and environments. 22 For zirconia-based 
core ceramics, their fracture toughness values range between 
5.5 to 7.4 MPa • m" 2 which are much higher than other all-ceram- 
ic core materials. 4 The toughening process for zirconia is 
the unique transformation toughening mechanism. 3 This 
mechanism includes the transformation of tetragonal to mon- 
oclinic phase of TZP zirconia when they are subjected to 
loading and an increase in material volume during the trans- 
formation. An increase in volume from the monoclinic phase 



induces compressive stress around the crack tip and inhibits 
crack propagation which results in an increase in fracture 
resistance of these materials. Because of their superior frac- 
ture resistance, fracture of zirconia core ceramic is infre- 
quent. The causes of fracture observed from the reviewed stud- 
ies were not from the material itself but the fracture occurred 
from a trauma and par afunctional habit. However, the thick- 
ness of coping is a factor that influences the success of a restora- 
tion, so it should be designed following the manufacturer's rec- 
ommendations. The connector size of zirconia frameworks should 
be at least 9 mm 2 to withstand clinical loading in the posteri- 
or teeth. 910131419 21 Another demanding behavior of zirconia mate- 
rial is its long-term behavior under subcritical stress in real clin- 
ical situations. Susceptibility to subcritical crack growth of some 
zirconia materials could increase the fracture probability 
after long-term loading in simulated oral conditions. 23 

Veneer fracture 

The critical problem that has been observed in most studies 
is fracture or chipping of a veneering material. Fracture of veneer- 
ing ceramics or dental porcelains could be separated into 
two groups, fracture of a veneering itself and fracture originated 
from the interfaces between the core and veneering porcelains. 
Most veneering ceramics or dental porcelains have low frac- 
ture toughness (Kic) values (0.7 - 0.9 MPa -m" 2 ) which are at 
least eight times lower than that of the zirconia core ceramics 
because their main composition is based on glass compositions. 24 
Therefore, compositions of veneering porcelains are not var- 
ied much between different brands. 25 However, these materi- 
als are still used in dental applications because of their esthet- 
ic advantages. A conventional condensation and sintering 
technique used in fabricating a veneer can also contribute in 
low fracture resistance of veneering materials because it can 
produce a great number of porosity that can lower the strength 
and can create a critical flaw for fracture to occur. Not only the 
processing procedures that can induce defects into ceramic mate- 
rials, chewing stress applied during mastication also can pro- 
duce surface damage on a restoration because it directly con- 
tacts with the food particles or opposing teeth. During mastication, 
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dental restorations are subjected to cyclic and variable rates of 
loading, and crack initiation can occur on the contact surfaces 
and lead to fatigue failure. Improving or adjusting the com- 
positions or processing methods is difficult because it may affect 
porcelain color and translucency. Adding of some crystalline 
phases, such as leucite crystal, to increase the fracture resis- 
tance has been used in some veneering porcelains. 26 The 
amount of leucite added into dental porcelain is usually less 
than 22 vol% because an increase in crystal volume fraction 
would decrease the translucency of a material. 27 Heat treatment 
of bilayer ceramics to the temperature near the glass transition 
temperature of the veneer and then cooled rapidly to room tem- 
perature could produce residual compressive stresses within 
the veneer layer which provided a strengthening effect for a 
veneer layer. While the residual tensile stress caused from slow 
cooling could decrease the fracture resistance of a veneer 
layer especially when combining with the local residual ten- 
sile stresses caused from contact damage. 28 The residual ten- 
sile stresses can also develop due to the thermal expansion mis- 
match between the core and veneer and the viscoelastic prop- 
erties of a glass veneer during sintering. These residual tensile 
stresses developed from either causes can lower the fracture 
resistance of a veneering material. The thermally compatible 
core-veneer system has been suggested to have a thermal 
contraction mismatch approximately < 1 .0 ppm/K. 29 Generally, 
a brand of veneering porcelain is produced for a group of ther- 
mally compatible zirconia core ceramics ( A « < 1.0 ppm/K). 
The use of thermally incompatible core and veneer materials 
could result in delamination or weakening of the veneer lay- 
er. 29 Moreover, the coefficients of linear thermal expansion of 
core and veneer materials had linear correlation with glass tran- 
sition temperatures of the veneering ceramics. The residual stress- 
es, expressed by these two factors, could compromise fracture 
strength of these ceramic bilayer systems. 30 Many factors 
affect the core-veneer bond strength of zirconia-based prostheses 
such as types of core or veneering ceramic, surface finish of 
the core, application of a liner and a method of veneering appli- 
cation. For a zirconia core and a compatible veneering ceram- 
ic obtained from the same manufacturer, the bond strength of 
a bilayer ranged between 26 to 37 MPa which were comparable 
to the veneer strengths. 31,32 For other all-ceramic systems, 
their bond strength ranged between 32 to 45 MPa. 33 Different 
brands of zirconia core generated different bond strengths even 
when the same veneering ceramic was used. 32 Different 
brands of veneering ceramics also produced various numbers 
of bond strength when they were used with the same zirconia 
core ceramic. 31 The surface finish of a zirconia framework and 
liners could also produce an adverse effect on core-veneer bond 
strength. 31 - 32 Sandblasting and application of a liner would 
be recommended for some zirconia cores, not for all zirconia 
materials. The coloring pigments deposited at the grain 
boundaries also affected the grain structure and bond strength 



of zirconia core ceramics. 32 A reduction in bond strength 
between the zirconia core and veneer could also be caused by 
a slow cooling rate during sintering of veneer and liner mate- 
rials. 2834 Slow cooling from the sintering temperature to a 
room temperature could weaken the bond strength of zirconia 
core and veneer because it generated residual tensile stresses 
resulted from a viscoelastic relaxation of a glass phase contained 
in a veneering ceramic. 28,34 

Although there are many zirconia core ceramics available for 
framework fabrication, there is limited information about 
previously mentioned factors that could affect bonding 
between zirconia cores and veneering ceramics. The method 
of selection a zirconia core and a compatible veneering 
ceramic is not clear even manufacturers provide a list of 
compatible materials for both core and veneering ceramics. 
Theoretically, the differences in the coefficient of linear ther- 
mal expansion are evaluated as a primary guideline for mate- 
rial selection for a layer composite. However, the thermally com- 
patible systems appear to be not adequate for selecting a 
well-matched zirconia core and veneer as many factors can affect 
their core-veneer bond strength. Future researches are essen- 
tially required to clarify this problem and to establish the 
acceptable criteria for a core-veneer material combination. 

Marginal discrepancy of zirconia-based restorations 

Marginal discrepancy of all-ceramic restorations is a vital fac- 
tor that affects the longevity of dental restorations. Excessive 
marginal gap width could lead to cement leakage, secondary 
caries, periodontal and endodontic complications which could 
compromise the survival of a restoration or an abutment 
tooth. 3S Currently, computer-aided design and computer-aid- 
ed machine systems (CAD-CAM) are generally available 
for processing of all-ceramic prostheses, especially for zirconia- 
based dental prostheses. Different fabricating systems used in 
the CAD-CAM processing techniques could lead to varied results 
in term of the marginal and internal gap width (Table 4). 36 50 
In addition, span length, framework configuration, and veneer- 
ing ceramic could affect the fit of zirconia FPDs. Even there 
has been some inconsistency between the results obtained from 
a number of studies, CAD-CAM system appeared to provide 
more accurate marginal and internal fit of zirconia frameworks 
compared to CAM system. 40,45 The results from two in vivo stud- 
ies also reported a complication (dental caries) which could be 
a result from an unacceptable margin fabricated from a CAM 
system. 11,12 Post-sintered milling or hard machining is expect- 
ed to be more predictable for more complex geometry and / or 
longer span FPDs than the pre-sintered zirconia frameworks 
because there is no firing shrinkage associated with the fab- 
rication process. 40,49 However, the prolonged milling time 
and high wear rate of the milling tools are its major disadvantages 
of post-sintered milling. 
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CONCLUSION 

According to the results from the reviewed clinical studies, 
zirconia frameworks have been shown that they could provide 
a strong support to a veneering layer because of their high frac- 
ture resistance. Because all zirconia frameworks were fabri- 
cated from different CAD-CAM systems, it appeared that these 
CAD-CAM systems could also provide acceptable frameworks 
in terms of the design and accurate margin. Fracture of 
veneering ceramics was observed in many studies, but it 
was not the major causes for the replacement with a new restora- 
tion as it could be adjusted and polished. The causes of 
veneering fracture regarding the veneer properties could be the 
differences in thermally incompatible, elastic and viscoelas- 
tic behaviors of core and veneering ceramics, or a firing pat- 
tern of veneering materials. Because of its repeated occurrence 
in many studies, future researches are essentially required to 
clarify this problem and to reduce the fracture incident. 
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